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I" I In t roduct ion  

2- The ove -all  goa l  of t h i s  pro jec t  i s  t n e  development and app l i ca t ion  of 
s t a t i s t i c a l  decis ion techniques appropriate  t o  dec is ion  problems involving t h e  
s e l e c t i o n  and implementation of complex, c o s t l j  b i o l o g i c a l  experiments, e s p e c i a l l y  
those  charac te r ized  by r e l a t i v e l y  high degrees of unce r t a in ty  regarding the  sta- 
t i s t i c s  of t h e  processes t o  be observed ana unusual degrees of complexity (and 
concomitant u n r e l i a b i l i t y )  of t he  observation equipment t o  be employed. 
decided a t  tne  s q g e s t i o n  of IIASA Iieacquarters personnel t h a t  t h e  e f f o r t s  of t h e  
p r o j e c t  be appl ied  t o  t h e  e x t r a t e r r e s t r i a l  l i f e  de t ec t ion  program, s ince  t h e  
s e l e c t i o n  ana implementation of experiments assoc ia ted  with t h i s  program are 
good examples of tae c l a s s  of decision p rob lem w i t h  which t h i s  p r o j e c t  i s  con- 
cerned. 'The a c t i v i t i e s  of t h e  first qua r t e r  were d i r e c t e d  pr imar i ly  a t  surveyinc: 
some of t h e  dec is ion  problems assoc ia ted  wi th  t h i s  program, o r i e n t i n g  p r o j e c t  
personnel,  i den t i fy ing  concrete  subproblems t o  be eaployed as veh ic l e s  f o r  t h e  
deveiopzent of ope ra t iona i  anbiysis mu statistical decision tee,?niques, zz~d 
i n i t i a l  e f f o r t s  d i r e c t e a  toward explorinq and solvinf:  t h e s e  Droblems. A l i s t  
of t r i p s  made and persons contacted,  and a brief d e s c r i p t i o  
t o  be s i n u l a t e d  are appended. 

11 P r o j e c t  A c t i v i t i e s  ma Accomplishments 

It w a s  

A. St ruc tu r ing  of General Problem of E x t r a t e r r e s t r i a l  L i f e  Detection 
The method chosen f o r  t h e  development of s t a t i s t i c a l  dec is ion  techniques i s  

an empir ica l  one--that i s ,  our procedure i s  t o  take concrete  problems and attempt 
t o  so lve  them, developing ana t e s t i n g  s o l u t i o n  techniques i n  t h e  process.  Given 
t h i s  dec is ion  regarainp, t h e  method of approach, t h e  f i rs t  and most c r i t i c a l  step 
i s  t o  s t r u c t u r e  t h e  genera l  problem of e x t r a t e r r e s t r i a l  l i f e  de tec t ion  i n  such a 
fash ion  as t o  permit the s e l e c t i o n  of appropr ia te  subproblems which are amenable 
t o  opera t iona l  ana lys i s  and t h e  appl ica t ion  of s t a t i s t i c a l  dec is ion  techniques.  

The t a s k  of s t r u c t u r i n g  a problem of t h i s  na ture  i s  e s s e n t i a l l y  t h e  task of 
\ 
e 

i d e n t i f y i n g  and e l imina t ing  from considerat ion those  problems which, for  one reason 
o r  another ,  a r e  not worthwhile, e i t h e r  because of p r a c t i c a l  o r  t h e o r e t i c a l  l i m -  
i ta t ions inherent  i n  t h e  mathematical approach; or because t h e  recommendations 
r e s u l t i n g  from t h e  app l i ca t ion  of tne mathematical eva lua t ion  techniques cannot, 
i n  fact ,  be implemented. The most acute t h e o r e t i c a l  l i m i t a t i o n s  have t o  do with 
t h e  d i f f i c u l t y  of com?aring a l t e r n a t i v e s  whose u t i l i t y  i s  not  expres s ib l e  i n  common 
terms such as money, t i m e  or probabi l i ty  of f a i l u r e .  It i s  a c h a r a c t e r i s t i c  of 
complex problems such as t h e  e x t r a t e r r e s t r i a l  l i f e  de tec t ion  problem t h a t  many of 
t h e  dec is ions  which must be made involve f a c t o r s  which, although t ang ib le ,  cannot 
be compared. Other types of problems may be i n  p r i n c i p l e  amenable t o  mathematical 
ana lys i s  but  are so complex as t o  involve an exhorb i tan t  and wholly imprac t i ca l  
mount  of labor .  
t a k e  years  t o  program and t e n s  of years t o  eva lua te  on t h e  fastest modern computers. 
I n  addi t ion ,  some eva lua t ion  procedures may i n  p r i n c i p l e  be s a t i s f a c t o r y ,  but  may, 
i n  f a c t ,  be inappl icable  because they assume t h e  ex is tence  of f a c t s ,  t h e o r i e s ,  o r  
p o l i c i e s  which do not e x i s t .  And, f i n a l l y ,  i m p l i c i t  i n  t h e  not ion of eva lus t ion  
i s  the assumption t h a t  t h e  courses of a c t i o n  being evaluated are real ones which 
could a c t u a l l y  be c a r r i e d  o u t .  

+ 
x 
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For example, it i s  easy t o  de f ine  s t o c h a s t i c  models which would 
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The t a s k  of s t r u c t u r i n g  a 'genera l  groblem nay be seen t o  cons i s t  of becominq 
s u f f i c i e n t l y  familiar with t h e  p r a c t i c a l  problen so as t o  break it down i n t o  sub- 
Droblems, and t o  d i s t i n z u i s h  subproblers which can u s e f u l l y  be a t tacked  f r o n  those 
whicn cannot. I n  the  process of doing so one a l s o  develops an estimate of  t h e  
a i f f i c u l t y  of t h e  ayproprit i te subproblems and t e n t a t i v e l y  i d e n t i f i e s  so lu t ion  
techniques.  Another desirable outcone of t he  s t ructur in , ;  a c t i v i t y  i s  t h e  ae t e r -  
mination of t h e  probable importance o f  each of t h e  subproblems. 

!hst of t h e  e f f o r t s  of t h e  first qua r t e r  has  as t h e i r  ob jec t ive  t h e  s t r u c t u r i n q  
of t h e  [:enera1 problem of e x t r a t e r r e s t r i a l  l i f e  de t ec t ion  i n  such a fo rn  as t o  p e r n i t  
t h e  i d e n t i f i c a t i o n  of concrete  subproblems t o  which our e f f o r t  should be d i rec ted .  
This cons is ted  of a partial survey of the  s t a t u s  of  t h e  proqranl, conducted pr imar i ly  
by means of v i s i t s  w i t h  AASA personnel a t  Headquarters and Ames Research Center,  
and wi th  LJASA con t rac to r s  (Jet  ?ro?ulsion Labs, Hnzelton Laborator ies ,  Stanford 
Xeaical Center,  e t c . ) .  
t h e i r  e f f o r t s  i n  t h e  hxobioloKv proqrzm and s o l i c i t e d  t h e i r  opinion as t o  what repre- 
sented t h e  outs tanding problems associated with t h e  extraterrestrial  l i f e  de t ec t ion  
program, and u i t h  each we ciiscussed poss ib le  approaches t o  t h e s e  problems. These 
v i s i t s  were supplemented w i t h  l i t e r a t u r e  surveys. Although t h e  most s i g n i f i c a n t  
r e s u l t  of t h e s e  a c t i v i t i e s  cons is ted  i n  t h e  d e f i n i t i o n  of concrete  problems descr ibed 
i n  t h e  next s ec t ion ,  c e r t a i n  t e n t a t i v e  conclusions of a more genera l  na ture  were 
made and a r e  summarized below: 

On each of these  v i s i t s  w e  interviewed those  contacted about 

1. !-!any of tne p a r t i c i p a n t s  i n  t h e  Frogram a r e  acutel j j  concerned w i t h  t h e  
problem of def in ing  t h e  concept of "life" o r  a t  least w i t h  developing an e x p l i c i t y  
l i s t  of " l i f e  c h a r a c t e r i s t i c s "  which can be employed i n  eva lua t ing  a l t e r n a t i v e  
experinents .  
never be developed. 
not  consider  any evaluat ion procedures which assme t h e  ex is tence  of a siqyle,  widely 
acceDted d e f i n i t i o n  of t h i s  nature .  

No such d e f i n i t i o n  cur ren t ly  ex is t s ,  and an acceptable  d e f i n i t i o n  may 
(The need f o r  one may be exapgerated.)  Therefore,  w e  should 

2. The most r e a d i l y  access ib l e  ana use fu l  subproblem areas  appear t o  be those  
concerning quest ions of implementation of experiments, as t h e s e  seem to be t h e  only 
ones for  which r e l a t i v e l y  hard f a c t s  a r e  a v a i l a b l e  and i n  terns of which r e a l i s t i c  
a l t e r n a t i v e  courses of ac t ion  can be defined. Simulation of such experiments w i t h  
t h e  ob jec t ive  of eva lua t ing  a l t e r n a t i v e  implementations o r  a l t e r n a t i v e  payloau mixes 
appears t o  be t h e  m o s t  f r u i t f u l  d i r ec t ion  f o r  t h i s  p -o j ec t .  

3. The nos t  u s e f u l  mode of opera t ine  appears now t o  c o n s i s t  of p a r t i c i p a t i n g  
i n  j o i n t  eva lua t ion  e f f o r t s  w i t h  t h e  ind iv idua l  exTerimenters, r e l y i n g  on them t o  
guide us  t o  p r a c t i c a l  problems and t o  provide much of t h e  input  d a t a  and i n t e r -  
p e t a t i o n  of r e s u l t s .  

4. !%lost of  t h e  experimenters contacted have devoted r e l a t i v e l y  l i t t l e  a t t e n t i o n  
t o  t h e  problems of i n t e r f a c e  between t h e  u n i t  f o r  which they are respons ib le  and t h e  
r e s t  of  t h e  system, and consequently system i n t e r f a c e  s p e c i f i c a t i o n s  are lacking  o r  
u n r e a l i s t i c .  Since t n e  manner i n  which these  cietai ls  are implemented may be of 
c r u c i a l  imnortance, it would seem des i r ab le  t o  explore  t h e  consequences of var ious  
" in te r face"  e f f e c t s  a t  as early a da te  as possible .  Since t h e  f i n a l  design w i l l  
c o n s i s t  of a compromise between s c i e n t i f i c  and engineering cons idera t ions ,  it i s  
important t h a t  t h e  s c i e n t i s t s  remain cognizant of t h e  e f f e c t s  of engineering com- 
pronises  which n igh t  be mde.  Simulation appears t o  be a way t o  explore some of 
these  consequences p r i o r  t o  t h e  ac tua l  i n t e g r a t i o n  phase. 
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5. There is a need t o  compare experiments w i t h  respect  t o  t h e i r  "value" 
i n  providing evidence f o r  o r  aga ins t  the exis tence of l i f e  on Mars. 
now being considered seem t o  assume e i t h e r  agreement as t o  the  def ining character-  
i s t i c s  of l i f e ,  o r  g rea t e r  knowledge than i s  now ava i l ab le  about t h e  environment 
of Mars or about t h e  s ign i f icance  r e  the  occurrence of Yartian l i f e  of chemical 
o r  phys ica l  p roper t ies  of ?.lars. All such schemes would appear, a t  least f o r  our 
purposes, t o  s u f f e r  from t h e  lack of agreement by s c i e n t i s t s  i n  t he  re levent  
f ie lds .  Al te rna t ive  bases f o r  comparison may, i n  f a c t ,  e x i s t  and should be looked 
for .  

Many schemes 

The task  of s t ruc tu r ing  t h e  problem is not complete i n  t h a t  w e  expect t h a t  
add i t iona l  subproblem areas w i l l  continue t o  present  themselves as our knowledge 
of t he  program increases  and as the program i t se l f  evolves. 

3. Problem Def in i t ion  
Two subproblem areas were ident i f ied .  The problem areas and our proposed 

so lu t ion  techniques are described below together  w i t h  a sunrnary of t he  reasons 
t h a t  were se lec ted  f o r  study. 

1. Data Transmission Requirements - The first  problem t o  which p ro jec t  e f f o r t s  
have been d i rec ted  i s  tha t  of determining the  amount and qua l i ty  o f t h e  data which 

aabiguous o r  misleading conclusions based on those  data. The major considerat ions 
which lead t o  the  se l ec t ion  of t h i s  as a subproblen are summarized below: 

silouid "ue tr&is~tt+%d fi-zlm each experir,er;t in order to mini-,ize t he  p r&& i l i t y  of 

1. Although the  amount of  information--in b i t s  pe r  second-which can be tele- 
metered back t o  e a r t h  depends upon the s i z e  of t h e  booster  and the  payload 
employed; it does not appear now t h a t  any of t h e  contemplated missions w i l l  
have bandwidth t o  spare.  Mariner-type missions w i l l  have very l i t t l e  com- 
munication capab i l i t y  s ince  thejr w i l l  depend on direct transmission, and 
increasing bandwidth w i l l  require  a l loca t ions  of l imited power and payload 
weight t o  communications ra ther  than t o  the operat ion of t h e  experiments 
themselves. C u r r e n t  ~ l a n s  for l a r g e r  vehic les  which w i l l  land larger pay- 
loads u t i l i z e  o r b i t i n g  busses f o r  r e l ay ins  information back t o  ear th ,  but  
t h e  demands on the  communication channel are greater i n  t h a t  more experi- 
ments are planned. 

2. Relat ively f e w  experimenters have been able as y e t  t o  spec i fy  t h e i r  data 
transmission requirements. I n  some cases t h i s  i s  due t o  t h e  s t a t u s  of t he  
experiment i t se l f ;  i n  others ,  it i s  a l s o  i n  p a r t  due t o  t he  f a c t  t h a t  t h e  
mission 3 r o f i l e  has not ye t  been determined and t h e  i n t e r f a c e  details have 
not been spec i f ied .  

3. Alterna t ive  a l loca t ions  of channel capaci ty  t o  d i f f e r e n t  experiments are 
possible ,  and consequently evaluat ions of var ious of these a l t e r n a t i v e s  would 
seem t o  provide a useful  guidance. 
experiments could be modified i f  it appeared t h a t  a l t e r n a t i v e  methods of 
co l l ec t ing  and t ransmi t t ing  t h e  data were advantageous. 

S imi la r ly ,  the designs of each of the  

4. Preliminary hand simulation of a model of an experiment conducted by us 
ind ica ted  t h a t  some experiments might be highly vulnerable  t o  bandwidth 
l imi t a t ions .  (This  simulation i s  descr ibed i n  more detail below. 

5 .  Xost of t h e  experimenters whom w e  contacted have considered data t rans-  
mission requirements only t o  t h e  ex ten t  of specifying the minimum number 
of b i t s  required t o  transmit a s i g n i f i c a n t  message under t h e  assumption 
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5. t h a t  a l l  conponents of t h e  system funct ion as designed. Under such con- 
d i t i o n s  a minimal number of "readinp,s" of t h e  instrument w i l l  s u f f i c e  t o  
t ransmi t  u se fu l  information. 
appears t o  have been given t o  t h e  consequences of  na l func t ions  o r  t o  o the r  
poss ib l e  sources of misleading data. 

A s  y e t ,  r e l a t i v e l y  l i t t l e  cons idera t ion  

Hand s i n u l a t i o n  of a model experiment i nd ica t ed  t h a t  a l l o c a t i o n  of channel 
capac i ty  t o  t ransmission of information regarding t h e  func t ion  of components 
may g r e a t l y  reduce t h e  probabi l i ty  of drawing erroneous conclusions,  and 
t h i s  suggests  t h a t  such z l t e r n a t i v e  snould be evaluated. 

The technique t o  be enployed i n  determining t h e  amount and q u a l i t y  of d a t a  
t o  be  t r ansmi t t ed  i s  e s s e n t i a l l y  t h e  development and eva lua t ion  of s t o c h a s t i c  
models of t h e  var ious experiments. (The s imulat ion technique i s  descr ibed 
i n  gore d e t a i l  below.) 
and v a r i a t i o n s  i n  t h e  frequency of observat ions,  t h e  number of b i t s  ?er 
observat ion message, t h e  mount  of  s t a t u s  information t ransmi t ted ,  s e n s i t i v i t y  
and e r r o r  proneness of the d iscr imina tors  w i l l  be comnared. 
t h e  experiment as seems appropriate  t o  t h i s  ob jec t ive  w i l l  be modeled i n  
d e t a i l .  The f irst  exgeriment which w i l l  be examined i n  t h i s  fash ion  is 
Gulliver.  
has been made. 

An appropriate  model w i l l  be designed and programed, 

Only as much of 

A preliminary ana lys i s  of Gul l iver  conponents t h a t  may be modeled 

2. Techniques f o r  Comparing Dif fe ren t  Exneriments - The second subproblem area 
which has been i d e n t i f i e d  i s  t h a t  of comparing d i f f e r e n t  experiments w i t h  r e spec t  t o  
t h e i r  u t i l i t y ,  so t h a t  dec is ions  regarding t h e  a l l o c a t i o n  of l i m i t e d  amounts of  
resources  can be made appropriately.  It was pointed out  i n  Sec t ion  A above t h a t  t h e  
need t o  compare experinents  w i t h  respect  t o  t h e i r  "value" i n  proviciing evidence f o r  
o r  a g a i n s t  t he  ex is tence  of l i f e  of Yars i s  widely recognized. 
cedures f o r  comparing t h e  u t i l i t y  of t h e  var ious  experiments are, i n  p r i n c i p l e ,  
def inable ,  most of then appear t o  assume t h e  ex is tence  of an accepted e x p l i c i t  
d e f i n i t i o n  of " l i f e "  and/or aore knowledge about Xars o r  about t h e  r e l a t i o n s h i p  
betwen discoverable  p h j s i c a l  p roper t ies  and t h e  occurrence of l i f e  than  i s  now ava i l -  
able. Such assumptions a r e ,  therefore ,  not v a l i d  at  t h i s  t ine,  and eva lua t ion  pro- 
cedures based on then do not  a t  present seen! worthwhile. Uevertheless,  resource 
a l l o c a t i o n s  must be made, and f o r  t h i s  reason it has been decided t h a t  some _nroject 
e f f o r t  should be expended i n  t h e  search f o r  techniques by whicn c e r t a i n  aspec ts  of 
t h e  a l t e r n a t i v e  experiments nay be compared. A b r i e f  cons idera t ion  of t h e  types  of  
resource a l loca t ions  whicn must be nade suggests t h a t  many of them w i l l  concern t h e  
s e l e c t i o n  of  a mix of experinents  t o  be included i n  a single payload and of t h e  
a l l o c a t i o n  of weight, space, power, etc.  t o  t h e  var ious experiments. Although con- 
s i d e r a t i o n s  of t h e  r e l a t i v e  s c i e n t i f i c  value of each of t h e  poss ib le  e x p e r h e n t s  
w i l l  be highly r e l evan t  t o  such decis ions,  numerous o the r  f a c t o r s  which can be more 
r e a d i l y  evaluated w i l l  a l s o  be relevant .  
i den t i fy inq  f a c t o r s  which can be more r e a d i l y  evaluated and t o  explor ing ways i n  
which a l t e r n a t i v e  experiments can be compared with r e spec t  t o  t h e s e  f ac to r s .  
Certain of t hese  fac tors - -ava i lab i l i ty ,  read iness  f o r  incorpora t ion  i n t o  a payload, 
ana over-al l  cost--serve t o  l i m i t  the  set  of experiments vhich nay be considered 
f o r  a given launch da te ,  bu t  do n o t  provide a basis for  s e l e c t i n g  among a l t e r n a t i v e  
a l l o c a t i o n s  of resources ,  o r  for  determining t h e  ex ten t  t o  which a given experiment 
enhances the  value of a payload. Additional f a c t o r s  which may provide a b a s i s  f o r  
nore s u b t l e  comparisons have been t e n t a t i v e l y  i d e n t i f i e d .  Nost of them concern the  
i n t e r p r e t a b i l i t y  of t h e  information provided by the  experiments and t h e  mutual 
i n t e r a c t i o n s  of t h e  experiments. 
are b r i e f l y  descr ibed below: 

Although many pro- 

Some p r o j e c t  e f f o r t  has been devoted t o  

Four of t h e  most promising comparison f a c t o r s  
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1. Avai l ab i l i t y  of s tandard for i n t e r p r e t a t i o n  of the data .  
now under considerat ion arpear t o  a i f fer  widely i n  so far  as t h e  i n t e r -  
p r e t a b i l i t y  of t h e  poss ib l e  outcomes. 
nunber or' i n f r a r e d  SpeCtrZ can be generatea,  but most of these cannot be 
in t e rp re t ed ,  i n  t h a t  it is  r a r e l y  poss ib l e  t o  i n f e r  froa a given s p e c t r m  
t h e  i d e n t i t y  of t h e  compounds o r  mixtures of conpounds from which those  
spec t r a  were obtained. This suggests  t h a t  it miaht be worthwhile t o  explore  
whether experislents nay be usefu i ly  cospared i n  terns of t h e  r a t i o  of t h e  
number of i n t e r p r e t a b l e  outcomes t o  t h e  nurcber of poss ib l e  outcomes. 

The experiments 

For examde,  an almost i n f i n i t e  

2. R e l i a b i l i t j  and 2 r r o r  Rates. I n  conventional s t a t i s t i c a l  hypothesis t e s t i n g ,  
recogni t ion  i s  given t o  t w o  types of e r r o r ,  v i z ,  t h e  r e j e c t i o n  of t h e  n u l l  
hypothesis when i n  f a c t  it i s  t r u e ,  o r  acceptance of t h e  n u l l  h jpo thes i s  
when indeed It, i s  false. These are t h e  e r r o r s  of t he  f i r s t  and second kind. 
The p r o b a b i l i t i e s  assoc ia ted  w i t h  c o r n i t t i n 2  t h e s e  e r r o r s  a r e  denoted re- 
spec t ive ly  b y s  and . 
It  can be shown t h a t  f o r  a given saci?le s i z e  ii: 

P 

(1) CA = # ( P I  
wherefcp) denotes a ao re  o r  less complicated funct ion.  
In  conventional experimental  program it i s  customary t o  f i x& and a t  
some prese lec ted  l e v e l  anit then search f o r  experimental  designs such t h a t  I 
is as ssall as possible. 

As i s  shown i n  books on s t a t i s t i c s ,  t h e  t n e o q  of hypothesis  t e s t i n g  i n  
genera l  concerned w i t h  t h e  construct ion of tests u s i w  d a t a  i n  which t h e  
"true" value of t h e  va r i ab le  of i n t e r e s t  i n  sub jec t  t o  a random "error." 
Thus, i n s t e a d  of being able t o  o b s e r v e y  which f o r  t h e  sake o'f i l l u s t r a t i o n  
we might imazine as t h e  ac tua l  nunber of  a c e r t a i n  spec ies  of nicroorEanisms 
i n  a gram of so i l ,  we can only observe: 

x = p t e  
where e i s  a random f luc tua t ion  caused by unknown o r  uncont ro l lab le  sources  
of va r i a t ion .  

Now, i f  w e  nake nany repeated observat ions and c o l l e c t  2 sample of 
i f  t h e  average of sucn a snaple approaches as t h e  s ize  of t h e  sample g e t s  

and 

l a r g e ,  then: P 
where opere tor  E i s  t n e  "expection" opera tor ,  and w e  say t h a t  X i s . a n  unbiased 
estimate of p . I n  other words, t h e  average value of t h e  f l u c t u a t i o n s  e is  
zero . 
This type of moael works moderately w e l l  under t h e  r e s t r i c t i o n s  normally 
ixxigosed i n  conventional experimental s i t u a t i o n s  i n  which ex tens ive  equipment 
c a l i b r a t i o n s  and checks can be made t o  in su re  adequate opera t ion  of t h e  
measuring devices . 
I n  consider ing t h e  operat ion of remote, automatic equipment, a t h i r d  source 
of error becomes s ign i f i can t .  We s h a l l  c a l l  t h i s  the error of t h e  t h i r d  
kind, naaely t h e  data were obtained by p a r t i a l l y  or t o t a l l y  malfunctioning 
equipment. Er rors  a r i s i n g  f ron  malfunctioning equipment differ from the  
f l u c t u a t i o n s  conventionally considered i n  t ha t :  



where b is a (positive or negative) bias. 

As mentioned above, in conventional experimentation means can usually be 
found to eliminate equipnent failure as a source of erroneous data. Con- 
sequently, the probability of an error of the third kind can be set to zero. 
In automatic experimentation it is clear that this probability cannot be 
equated to zero even approximtely. 

Ye must, therefore, distinguish in soxe quantitative manner between 
"usable" observations which are contaminated by random error, but which 
tend to yield estimates which are accurate although they may be unprecise, 
and "unusable" observations which are corru2ted by bias due to partial 
malfunction and wnicii will result in inaccurate estimates (which may, of 
course, o e  quite p-ecise). TO elitzinate Sias due to Fartial or complete 
aalfurction, 0p.e nust increase the reliability of the system as nuch as 
_nossible ana then povide for a means of iuentifyinc the occurrence of 
nalfmctions so that as xany as possible of the "uusable" observations 
can be identified as such. The liability to detected and undetected bias 
obviously affects the over-all desirability of an experiment, since data 
known to be biased are usually useless, and biased data not recognized 
as such result in inaccurate estimates. It may be assumea that all exper- 
iaents are made as reliable as practical in that they are constructed of 
components which have a l o w  probability of failure. Two experiments which 
are equally reliable in that they are both as reliable as possible, may in 
fact be effectivelj different in that they differ with respect to the 
likelihood of detected and undetected bias and with respect to the effects 
of the undetected bias on the probabilities of inaccurate conclusions. 
If liability to detected and undetected bias can be estimated, then a 
comparison of experiments in terms of the consequent proneness to erroneous 
estimates (due to undetected bias combineci with actual random errors) may 
be feasible. 

3. Demands on System. Some experiments may be characterized as "greedy" in 
that they require relatively large amounts of scarce commodities such as 
power, space, communication channel capacity, etc., or require special control 
features or protected in-flight environments. 
iment is a liability is a function of the extent to which it degrades the 
performance of companion experiments, or reduces the over-all reliability of 
the system. Specification of system demands and liabilities, if practical, 
would permit the conparison of experiments with respect to their effects on 
specifiable subsets of potential companion experiments. 

The extent to which any exper- 

4. Complementary and Redundancy. 
in the selection of a subset of experiments is that the experiments should 
be complementary in that they observe characteristics of Mars or of Martian 
life that are likely to occur independently of one another. Implicit in 
this strategy is the notion that if two different experiments are designed 
to detect the same property (or properties which may be presumed to co-occur), 
then if that property is not present neither experiment will return any use- 
ful information, whereas if that property is present the experiments return 
the same information snd one of them is redundant. The reasoning behind the 
complementary rule is that we do not know which of a very large variety of 
possible states of Wars will be encountered by the probe. If the probe 
consists of experiments which are complementary, then the likelihood that 

It has been suggested that one rule to employ 
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4. t h e  state encountered w i l l  be charac te r ized  by a t  least on property which 
t h e  probe can measure i s  g rea t e r  than would be t h e  case i f  t h e  experiments 
were redundant. This r u l e  ana the s t r a t e g y  i m g l i c i t  i n  it would appear 

d i f f i c u l t  t o  apply. To answer t h e  quest ion of whether or not  two given 
experinents  which measure s u p e r f i c i a l l y  d i f f e r e n t  p rope r t i e s  are o r  a r e  
not complementary, one must know something about t h e  probably co-occurrence 
of t h e  p rope r t i e s  i n  question on Mars. Thus, t h e  ansvers which one g e t s  
may depend upon which s c i e n t i s t  one asks. Another d i f f i c u l t y  with t h i s  
r u l e  i s  t h a t  i m p l i c i t  i n  its employment i s  t h e  assumption t h a t  all of t h e  
experiments r e s u l t  i n  the acqu i s i t i on  of accura te  unanbiguous estimates 
of the  narzmeters i n  question, f o r  t w o  experiments which are, i n  f a c t ,  
redundant w i l l  g ive the saae answers only i f  they  both func t ion  pe r fec t ly .  
Considered from t h i s  po in t  of view, it i s  apparent t h a t  no two experiments 
are, i n  f a c t ,  redundant. 
measure t h e  sane property but i n  d i f f e r e n t  ways, and hence are sub jec t  t o  
d i f f e r e n t  Binds of  e r r o r s  ana l i a b l e  t o  d i f f e r e n t  kinds of  b i a s .  Even if 
t h e  experiments a r e  r ep l i ca t ions  of t h e  same experircent, t h e  amount of bias 
and sunplinp, e r r o r  represented i n  a s i n g l e  run of  each may differ ,  even t o  
t n e  ex ten t  of r e s u l t i n g  i n  apparent ly  incons i s t en t  observations.  S imi l a r ly ,  
it w i l l  be observed t h a t  two experiments which appear t o  be complementary 
i n  t h a t  they y i e l d  observations of prope r t i e s  which do i n  f a c t  occur inde- 
pendently, may, nevertheless ,  be dependent on one another i n  t h e  sense t h a t  
they nay both be vulnerable t o  one o r  nore p a r t i a l  o r  complete failures due 
t o  system malfunction. 

to be a veq7 sensible oae, It is, '------- riowever,  one which w e  be l i eve  mzy be 

If the experiments a r e  "d i f fe ren t"  then  they  

I n  t h i s  sense,  a s e t  o r  m i x  of experiments may be said t o  e x h i b i t  varying 
degrees of independence with r e spec t  t o  a given system topology. 
when s e v e r a l  experiments a re  t o  be "packaged" i n  one veh ic l e  a maximum 
degree of system independence i s  des i r ab le  i n  order  t o  reduce t h e  vu l -  
n e r a b i l i t y  of each experiment t o  t h e  fate of any o the r  po r t ion  of t h e  
ni s s i  on . 

Clear ly ,  



a 

C. Simulation. 

Conputer simulation of stochastic models of life detection experiments is the 
technique which will be employed to explore the data transmission requirenents of 
Gulliver and other selected experiments. 
devoted to developinp models and sizulation techniques and are itemized below: 

I4uch of the first quarter efforts were 

1. Preliminary Models and Hand Simulations -- An extreRely abstract and highly 
simplified model of 2n exgerirnent involving the culturing of 8 sanple of Xartian 
soil was designed and a few hand sinulations were conducted. The variables which 
were varied in the few hand simulations conducted were frequency of observations, 
duraMon of experiment ana "telemetry" error, Tine results of these hand simulations 
%re not included here, but may be summarized as supnclrtinp the not surprising con- 
clusion tnat the abilityto draw accurate unambicuous conclusions from the over- 
simplified experiment modeled varies with all three of these variables. It was 
therefore decided that more sophisticated models should be aesigned and proqrammed 
for compter simulation. 

2. Sou;, Gedanken -- A nore Sophisticated end somewhat nore realistic model 
of a l i f e  detertiinn cxpyiment.  vas desiq:ner'_ nnd nrnrramninfi  r- - - ---a. c?f this mcdel. fgr 
evaluation on a PDP-1 computer was initiated. 
volvinF the collection and culturing of a sanple of Ilartian surface. It is an 
imaginary experiment in the sense that it is 8 fairly abstract and general purpose 
nodel that bears little direct resenblance to any of the experiments currently under 
development. (1) pro- 
vide a vehicle for the developrnent of necesszry computer routines (especially input 
and output routines) that can be used in more realistic special purpose simulations 
of experiments, (2) provide a debupred "sample" simulation which can be used to 
demonstrate to biologists some of the kinds of trade-offs which can be exdored by 
means of sinulation techniques, and ( 3 )  to examine in a nore accurate way the kinds 
of effects which frequency of observation, number of bits per rcessqe, and total life 
of the experiment mzy have. 

Sou? Gedanken is an experiment in- 

The purpose of designing and evaluating Soup Gedaken was to: 

Soup Gedanken is designed as a game which may be 'tplayed" by the "experimenter." 
The experinenter "designs" the experiment by specifying the values of certain para- 
meters in terms of which the controllable variables are represented in the computer 
propram, The exFerimenter specifies a family of growth curves by drawing a curve 
on the face of a CRT which is read by the computer. He also specifies the duration 
for wnich the experiment is to be run (which may vary fron 16 to 128 experinental time 
units) and the frequency with which observations are to be made (every time uni t ,  
every other time unit, etc. 1. 
as functions of variables to which different values may be assigned at different runs, 
and in this sense virtually all of the variables may be controlled by the "experimenter." 

virtually all portions of the program are expressed 

Having made these assignments, the experiment is conducted by means of the execution 
of sub-routines simulating various modeled components. These include the following: 

1. A density function whereby the number of organisms in the innoculum varies 
with the landing site. 

2. The growth rate function which determines the speed of growth of organisms, 
the duration of the lag preceding population increases, the generation time which is 
a function of the curve provided by the experimenter, and the size of the innoculum 
and three random variables. 
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3. A colony <enerat ion funct ion which u t i l i z e s  t n e  output of t he  qrowth rate 
func t ion ,  but  modifies it by adding ranaon: Fer turba t ions  corresponding t o  t h e  e f f e c t s  
of uncont ro l led  va r i ab le s  such as f luc tua t ions  i n  temoerature. 

4. A "discr iEinntor"  which co r reqonds  t o  t h e  device which aewures t h e  quan t i ty  
of an accumulated ne tabo l i c  product ( represented as t h e  SM of a constant  t ines t h e  
?opulat ion a t  each experimental  t i n e  i n t e r v a l ) .  The d i sc r i ? ina to r  i s  assumed t o  have 
a threshold correspondin? the n i n i n a l  ammt of ?roduct which n u s t  be present  t o  ob ta in  
a non-zero output ,  and e sa tu ra t ion  l e v e l  cor respondiw t o  t h e  auantit:: which r e s u l t s  
i n  t h e  naxiaum readin?. "he number of a i s c r i n i n a t i v e  i n t e r v a l s  and a d i s c r i a i n a t i o n  
error are a l s o  modeled. 

5 .  A "telemetry xodel" which determined the Ember of b i t s  which should be 
t r a n m i t t e d  for  each observat ion and reverses  sone of t h e  a c t u a l  b i t s  i n  accordance 
w i t h  a preset p robab i l i t y  of b i t  reversal. The f i n a l  corrupted messqes are s t o r e d  
( t o q e t h e r  w i t h  t h e  ntnber  and mwnitude of  each te lemetry e r r o r .  ) . 

navinq run t h e  experizent  and generated t h e  Desswes, t h e  telemetered data po in t s  .. 
are then displayed t o  t h e  "experizlenter" who nus t  decide whether any Martian organisms 
w e r e  cu l tured .  tie can rep lay  t h e  exDeric.ent as many t i m e s  as ne  wishes,  chanqinp 
the  t o t a l  d u r a t i o n d  t h e  expericent  and/or t h e  frequency of observations.  After 
having exanined the  nessaqes he may inqui re  i n t o  what a c t u a l l y  occurred, and ob ta in  
d isp lays  of t h e  population counts,  t h e  d i s c r i n i n a t o r  ou tput ,  and a re l evan t  pr int-out .  

Soup Gedanken i s  p a r t i a l l y  proyramrred and debusced and s e v e r a l  modif icat ions t o  
Tr,e program may also be run i n  an automatic the  o r i g i n a l  model have been designed. 

mode rather than a qme mode so t h a t  large numbers of s imulated experiments can be 
conducted i n  sequence and statist ics regarding the  .nerfornance of t h e  nodeled experi-  
mental  apparatus  can be Eenerated. 

&c:-Q&&& Dim 3 .  Hitchcock d # c 
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